Accumulation rates and pathogen concentrations in primary stabilization pond sludges in developing countries are important parameters for adequate sludge management and the safeguarding of public health with sludge reuse in agriculture. An anaerobic pond has been investigated for sludge accumulation rates and helminth egg viability after four years of operation in Burkina Faso. The rate of sludge accumulation was measured at 0.037 m 3 /capita-year or 2.26 kg dry weight/capita-year. An equation describing vertical distribution of total solids in the accumulated sludge was found to be adequately represented by a regression equation. Influent helminth egg concentrations were reduced on average by 90% in the anaerobic pond effluent. Ascaris lumbricoides and Ancylostoma sp. were the most common eggs present in the sludge after four years of operation. The average concentration of helminth eggs in pond sludge was 536 eggs/g TS, and the percentages of viability ranged from 10.8% (47 viable eggs/g TS) to 57.2
INTRODUCTION
Wastewater stabilization ponds are a simple, low-cost and low-maintenance process for treating wastewater. Their usage in developing countries is advised when sufficient land is available and where the temperature is most favourable for their operation (Mara 2004; Nelson et al. 2004) . A system is typically comprised of several different types of ponds in series, and usually the first pond is an anaerobic pond that serves as the primary treatment stage.
The anaerobic pond's performance for BOD and SS removal is often improved in warm climates such those of sub-Saharan Africa. As with all primary stabilisation ponds, the anaerobic pond accumulates sludge that must be removed (desludged) in order to assure further sustainable operation of the pond. Raw wastewater and primary sludge in developing countries, particularly in Sub-Saharan Africa, may contain significant concentrations of helminth eggs due to the high prevalence of infections related to the poor socio-economic conditions in these regions. The concentrations of these parasites must be known to estimate the risk they pose upon removal of the sludge from pond systems (Nelson 2003; Jimé nez 2007; Sidhu & Toze 2009 ). Saqqar & Pescod (1995) stated that more regional data are needed to determine sludge accumulation rates sludge distribution and sludge characteristics. In Burkina Faso, no information is available on sludge characteristics and helminth egg concentrations in anaerobic ponds. Owing to the scarcity of data, the goal of this research was to evaluate sludge production and helminth egg viability in an anaerobic pond in the sahelian climate of Burkina Faso. The study comprises the following:
(i) Determining the accumulation rate and distribution of sludge in an anaerobic pond (ii) Determining sludge characteristics (iii) Determining helminth egg concentrations and viability for risk assessment associated with sludge management for agriculture reuse, which is often the preferred option for farmers.
MATERIALS AND METHODS

Description of the experimental pond system
This work was carried out at the pilot scale wastewater stabilization pond system (12822 0 N, 1830 0 W) of the International Institute for Water and Environmental Engineering (2iE) of Ouagadougou, Burkina Faso. The system was designed for the sudano-sahelian climate, with a long dry season (from October to May) and a moderately favorable belt for solar energy, receiving 2,500 hours of solar energy per year with an intensity of 19.5-22.7 MJm 22 d 21 .
The rainy season from June to September was characterized by average pluviometer readings varying between 600 to 900 mm. The minimum monthly air temperatures varied from 168C in January to 26.58C in April, and the maximum ones varied from 328C in January to 428C in April.
The monthly average temperature of the coldest month of the year (January) varied between 258C and 268C. The organic load was equivalent to 448 PE. measured with the white towel test technique described by Mara (2004) . With a pre-prepared grid representing the pond, five points (as illustrated in Figure 1 ) were chosen for full depth sludge samples; grab samples were also taken at different depths of 10 cm, from the bottom (level zero) to the top of sludge layer.
Sampling method
The sludge cores were collected using a transparent plexiglass tube with a diameter 60 mm and length of 3.5 m. 
Helminth eggs concentration and viability test
There are different analytical procedures to recover and detect viable and non viable helminth eggs. For this study, the helminth eggs and their viability were determined by combining the US EPA protocol (1999) modified by
Schwartzbrod (2003) (2003) . This procedure permitted an accuracy of recovered eggs amounting to 75.5% when applied to biosolid analysis (Bowman et al. 2003) .
RESULTS
Sludge distribution and accumulation
After four years of operation the volume of sludge was measured at 66 m 3 , representing 36.5% of the pond volume.
This percentage is slightly higher than that (one-third full of sludge) recommended by Mara (2004) Burkina Faso may be partly due to higher temperature and higher anaerobic degradation.
Sludge characteristics
Data on sludge characteristics are shown in Table 1 .
Temperature and pH showed weak variation in the sludge The average values found for VS of less than 50% indicated the sludge was well digested.
The solids concentrations expressed in term of total solids (TS) were found to be correlated with depth within the sludge layer, with a coefficient of determination R 2 equal to 0.82 (Figure 3 The ratio of volatile solids to total solids was considered as an approximate measure of the fraction of organic matter in the sludge. Considering the vertical distribution of volatile solids within the sludge layer (Figure 3(b) ), no relationship was found between the concentration of VS expressed in terms of % TS and the depth in sludge layer.
The main conclusion that can be drawn was that the sludge in the first 10 cm layer from the bottom of pond was more mineralized, with a concentration of VS varying from 33% to 44% of TS.
Helminth removal in the anaerobic pond The percentage of viable helminth eggs observed at different depths in the sludge layers were found to be randomly distributed without a clear trend. While it might be expected that the distribution of viable eggs would decrease with depth in sludge layer, this was not the case: In our study, the random distribution could be explained by spatial heterogeneity and re-suspension of sediment induced by gas production in the anaerobic sludge layer. The presence of viable helminth eggs at the deepest sludge layer confirm that public health issues must be considered for desludging and agriculture reuse.
CONCLUSION
In this study the rate of sludge accumulation in an anaerobic pond in a sahelian climate was estimated to be 0.036 m 3 /capita-year or 2.26 kg dw/capita-year. The measured distribution of total solids and moisture content showed that the sludge consistency varied from liquid to pasty. The vertical distributions of TS and VS indicate a consolidation and mineralization of sludge with depth.
The removal efficiency of helminth eggs from the wastewater was 90% in the anaerobic pond, with had a hydraulic residence time of 3days. The prevailing helminth species found in the sludge were Ancylostoma sp. and Ascaris lumbricoides. The higher percentage of viable helminth eggs were found in the surface layers of sludge.
Although helminth egg viability decreased with depth in the sludge layer, the residual percentage of viable eggs found after 4 years of operation demonstrate the need for further treatment before final disposal or reuse for land application.
Sludge treatment should be done at low cost taking into account the financial constraints prevailing in sub-Saharan Africa regions. Co-composting and drying bed technology for sludge treatment will be our next investigations for sludge management.
